Original scientifica paper Recently, there has been an increasing interest in using distributed generators (DG) not only to inject power into the grid, but also to enhance the power quality. In this study, a space voltage pulse width modulation (SVPWM) control method is proposed for a synchronous grid-connected controller in a wind-solar-storage micro grid. This method is based on the appropriate topology of the synchronous controller. The wind-solar-storage micro grid is controlled to reconnect to the grid synchronously while maintance or repair is being completed to the power source equation DG at some point, the voltage difference that exists between DG and both sides of the node, a large and sudden electrical surge when DG is reconnected to the grid. It also affects the normal work of the other DG and power quality of a necessary load, and could even seriously paralyze the whole system. So, the topological structure and control method of the synchronous grid-connected controller are discussed in detail and simulation results are presented. The results demonstrate the effectiveness of the proposed method in the synchronous grid-connected controller for the wind-solar-storage micro grid.
Introduction
The distributed generation system (DG) is becoming a vital development direction in many countries and regions. Accompanying China's rapid economy development is in greater demand, advancing year by year, for electric power requiring large and more diverse energy sources, and resulting in conflicts with environmental concerns that loom large [1, 2] . Integrating the micro grid system and smart grid is an effective approach to make the best of distributed generation [3] . However, the distributed renewable energy power generation from renewable energy sources have exhibited intermitent and random characteristics that restrict its power generation capability and its operating stability [4, 5] . The micro grid can join the distributed generation and energy storage equipment together through an advanced control system, and form a controllable cell. It not only operates with the distribution power system connection grid, but also can operate independant of the grid [6, 7] . The micro grid connection may integrate smoothly into the distributed generation and bring remarkable value into the power supply company and the individual user [8] . The synchronous grid-connected controller as a bridge between the grid and micro power supply, can play a crucial role for the stable operation of the whole system and the effective distribution of power.
The SVPWM (space voltage pulse width modulation) method is an ideal method to content the needs of synchronization grid-connected controller for the DG to reconnect to the grid. The structure of the parallel synchronous grid-connected controller is established in this paper. The space voltage vector control principle is analyzed based on the three-phase voltage source inverter topological structure. The voltage space vector control method is applied to process the dynamic real-time simulation for the synchronous grid-connected controller, and its performance was analyzed. Finally, the micro grid system is studied via using the SVPWM synchronization grid-connected controller. The simulation results demonstrate the viability and effectiveness of the proposed method of reconnecting the DG to the grid.
Structure of the wind-solar-storage micro grid system
The wind-solar-storage micro grid system structure is shown in Fig. 1 , where the micro grid is connected to the medium voltage (MV) alternating current distribution network by ac/dc or dc/ac converters [9, 10] . All of these converters use SVPWM control. Batteries are positioned at the wind turbine and photovoltaic (PV) array export outlet for the power to stabilize the grid and islanding operation using a given voltage and frequency control [11 ÷ 13] . Meanwhile, the batteries can absorb or recharge the power shortfall of wind and sun in order to maintain the power balance of the entire system. Load 1 and 2 are sensitivity load, which should guarantee the reliability of the power supply when the micro grid system is in operation. The normal load 3 can be removed when necessary. Technical Gazette 23, 1(2016), 137-144 The space voltage vector control has been widely used in motor system [14, 15] , and in new energy sources power generation and new type of converter in recent years [16, 17] . It is applied to parallel synchronous gridconnected controller in this paper. A typical voltage source inverter structure is shown in Fig. 2 . (2) According to Eq. (1) and Eq. (2), the switch has eight possible combination modes when the inverter is working.
The relationship between the switching states and voltage of the inverter is described according to the V dc as shown in Tab. 1. 
In the d and q axis coordinate system, the three phase voltage corresponding to the output variables can be expressed as:
According to Eq. (3), the eight combinations of switch state are mapped to the d,q axis coordinate system, the eight vectors are called the basic space vector, and the space is divided into six sectors, as shown in Fig. 3 . 
Voltage and action time relationship in the dq coordinate system can be described as
In the equation, T is the switching period, T 1 , T 2 is the action time of U 1 and U 2 , T 0 is the zero vector function time. All the amplitude of U 1 and U 2 is 2/3V dc . Where the equation passed series of mathematical calculations, can be expressed as:
The function time of the other sectors basic space voltage vector was calculated similarly, and it must be a saturated judgment, that is, if
Sectors are judged via set N = A + 2B + 4C, and the definition is as follows:
otherwise C = 0. The relationship of N, sector number and vector effect time, is shown in Tab. 2 according to the above analysis. 
In sector 1, for example, the active time of zero vector 000 and 111 is equal in an assumed switching cycle, the symmetric PWM waveform is generated, and each basic space vector effect time is divided into two parts. According to the 000, 100, 110, 111, 110, 100, 110 worked order, only one switch is changed each time, as shown in Fig. 5 . T 1 corresponds to the first vector role time value, T 2 corresponds to another nonzero vector role time value. So, T u , T v , T w is assigned to each sector of the waveform in one switching cycle. T u is distributed to the duty ratio maximum phase, and T w is distributed to the minimum phase. The switch points T CM1 , T CM2 , T CM3 can be obtained through the various sectors worked waveform, displayed in Tab. 3. 
Parallel synchronous grid-connected controller of SVPWM control technology
In the wind-solar-storage micro grid, distributed power from a particular type of power source must occassionally exit the island operation model of the micro grid system because of a possible malfunction or planned maintenance, etc. After completing the maintenance or repair, the DG is requested to connect to the island operation of the micro grid system at some point. But due to the voltage difference between the DG and the node at each side of the grid, there can be a large shock to the system when hooked up to the micro grid at that moment.
This state not only affects the normal running of the other DG and the power quality of its load but also can temporarily seriously paralyze the whole system. Therefore, the application of synchronous grid-connected controller is proposed for the wind-solar-storage micro grid system [18÷20]. The schematic diagram of the parallel synchronous grid-connected controller is shown as in Fig. 6 . 
Where Eq. (11) passes a series of discretization mathematical resolving, it can be expressed as: 
The synchronous grid-connected controller simulation based on SVPWM
The model of the SVPWM algorithm includes the vector transformation module, sector judgment module, time module, switch module, PWM generating module, etc. as shown in Fig. 7 . The vector switch points moment is calculated according to Eq. (9) and Tab. 3, as compared with triangular wave and space vector points. The PWM state is changed as soon as the compared value is equal, as shown in Fig. 10 . Simulation waveforms of the SVPWM method for phase A are shown in Fig. 11 . Figure 11 Simulation waveforms of SVPWM method for phase A Fig. 11 shows the simulation results. The control method of SVPWM control after the control of power supply current is basically similar to the sine wave, which can make the output of the DG and the regional power grid have the same voltage amplitude, phase and frequency, thus realizing the synchronization operation.
4 Wind-solar-storage micro grid system simulation results
Simulation parameter
In the sample, the wind power rating is P DG1 = 21 kW. The rated power of photovoltaic is P DG2 = 8 kW. The total capacity of batteries 1 and 2 is 10 kW•h. The active power reference values of ensitive loads 1 and 2 are 11 kW and 8kW respectively. The grid voltage is 380 V, 50 Hz. Filtering inductance is L = 2 mH. dc side capacitor is C = 220 μF. dc side voltage is E = 600 V. The power supply equivalent resistance value R = 0,1 Ω. R/X = 0,641/0,082 Ω/km is the line parameter.
Simulation result
The micro grid is the island operation mode and DG 3 is the disconnected micro grid at below 0,5 s. At 0,5 s, DG 3 is reconnected to the micro grid via two methods of direct and synchronous grid-connected controller. Compared with the micro power source DG 3 is connected to the micro grid directly and through the synchronous grid-connected controller reconnected to the micro grid. The detailed simulation results are shown in Figs. 12 to 17. The left columns of Figs. 12 ÷ 17 describe the situation of DG 3 connected to the micro grid directly, and the right columns show the state of DG 3 connected to the micro grid through synchronous grid-connected controller. Fig. 12 is the frequency difference f, phase difference θ and amplitude difference U waveform figure on each side of the switch. Comparing Fig. 12a with Fig. 12b , f, θ, U has clearly decreased in Fig. 12b , indicating it has satisfied the requirements of synchronous grid-connected controller reconnecting to the micro grid. Fig. 13 is the waveform of switch point injection to the micro power grid harmonic current. The FTT analysis of the micro power source DG 3 connected to the micro grid directly is shown in Fig. 13a , and the FTT analysis through synchronous grid-connected controller reconnected to the micro grid is shown in Fig. 13b . In comparing the two methods the THD of switch point injection harmonic current by grid-connected controller is far less than being connected to the micro grid directly. This waveform verifies that the synchronous gridconnected controller is valid and effective.
(a) Directly incorporated into the micro grid (b) Incorporated into the micro grid using grid-connected controller Figure 12 On either side of the switch point frequency difference, phase difference and amplitude difference waveform
The frequency difference f, phase difference θ and amplitude differenceU is larger in Fig. 12a than Fig. 12b . And the THD of switch point injection to the micro power grid harmonic current is higher in Fig. 13a than Fig. 13b . So a large current shock I is produced when DG 3 is connected to the micro grid directly as shown in Fig. 14a . Therefore the large power rush is created for other DGs active power P 1 , P 2 , P 3 , P 4 and reactive power Q 1 , Q 2 ,Q 3 ,Q 4 at 0,5 s. The active power simulation waveform is shown in Fig. 15a when DG 3 is directly connected to the micro grid. The reactive power simulation waveform is shown in Fig. 16a when DG 3 is directly connected to the micro grid. Using this method the important load voltage fluctuations U 1 and U 2 are produced when the power source DG 3 is reconnected to the micro grid moment. The simulation figure is shown in Fig. 17a , indicating that the method of DG 3 being directly connected to the micro grid cannot satisfied the stability and reliability requirements of the important load power supply.
(a) Directly incorporated into the micro grid (b) Incorporated into the micro grid using grid-connected controller Figure 13 The waveform of switch point injection to the micro power grid harmonic current (a) Directly incorporated into the micro grid (b) Incorporated into the micro grid using grid-connected controller Figure 14 Injection current waveform of DG3 to micro grid (a) Directly incorporated into the micro grid (b) Incorporated into the micro grid using grid-connected controller Figure 15 The waveform of DG active power
The second method is DG 3 being reconnected to the micro grid through the synchronous grid-connected controller at 0,5 s. All of the voltage quality on each side of the switch point and harmonic current of the switch point injection to the micro grid reached the requirement of the synchronous grid-connected controller as seen in Figs. 12b and 13b . So the injection current I shows excess smoothness of DG 3 to the micro grid, and no large current rush is produced to the micro power grid system as in Fig.  14b . Furthermore, the large power rush is not created for either the other DGs active power P 1 , P 2 , P 3 , P 4 or the reactive power Q 1 , Q 2 ,Q 3 ,Q 4 at 0,5 s as shown in Figs. 15b and 16b, indicating that the power source DG 3 can connect to the micro grid system smoothly. The important load voltage fluctuations U 1 and U 2 are almost approximately equal to zero when power source DG 3 is reconnected to the micro grid moment through the synchronous grid-connected controller. The simulation figure is shown in Fig. 17b . This indicats that the method of DG 3 being connected to the micro grid by the synchronous grid-connected controller can satisfied the stability and reliability requirements of the important load power supply. 
Conclusion
This study applies the parallel synchronous gridconnected controller to the wind-solar-storage micro grid power system based on voltage space vector pulse width modulation technology. The theoretical analysis and simulation research validate that this parallel synchronous grid-connected controller can stabilize the power source type DG being reconnected to the grid very well. This can solve the grid impact problem of micro power being reincorporated into the micro grid, because of voltage amplitude, phase and frequency difference. These controls make the wind-solar-storage micro grid power system more conducive to realize real time control.
